Purpose/Objective: The primary objective of this FDA study is to evaluate the safety and efficacy of the ACT device (Adjustable Continence Therapy) in the treatment of female recurrent Stress Urinary Incontinence (SUI). The secondary objective is to evaluate the difficulty of placement and aspects of device adjustability. Materials and Methods: The Adjustable Continence Therapy (ACT) system (Uromedica, Inc., Plymouth, MN) consists of two silicone balloons providing urethral coaption and bladder neck support. Each balloon is attached to a titanium port buried in the labia allowing for post-operative adjustment of volume. Females with recurrent SUI with or without urethral hypermobility were evaluated at baseline and follow-up periods of 6 weeks, 3, 6, 9, 12 months and annually thereafter including urinalysis, a 3-day voiding diary, provocative pad weight test, direct visual stress test, Stamey score and validated questionnaires to assess severity of incontinence, voiding dysfunction, sexual function and quality of life. Results: During a 5 years period (2002)(2003)(2004)(2005)(2006)(2007), 162 patients were implanted (mean age 67.6, range 31 -94 years). Of these 162 patients 142, 90, 80, 56 and 31 patients completed the 1, 2, 3, 4 and 5 years follow-up respectively. One hundred and thirty five (83%) had failed at least one surgery for incontinence and 44% had failed 2 or more procedures prior to ACT implantation. Difficulty of ACT placement was rated mild in 62%, moderate in 30% and severe in 9%. Improvement in Stamey score of >1 grade was achieved in 75% (107/142) at 1 year, 76% (68/90) at 2 years, 86% (62/78) at 3 years, 93% (50/54) at 4 years and 83% (25/30) at 5 years. Dry rate (provocative pad weight < 2 gms) was 51%, 62% , 76%, 76% and 76% at 1 through 5 years, and >50% improvement was achieved in 83%, 86%, 86%, 90% and 93%,respectively. IQoL improved from 37 at baseline to 71, 71, 75, 77 and 74 during the study, and optimal continence was achieved with a mean of 4 adjustments, and mean balloon volumes of 4.0 ml (1.0 -11.5 ml). Complications including bladder perforation, erosion, migration, pain and urinary retention were reported in 25% (38/155) at 12 months, and 9% (10/109), 3% (3/91) , 6% (5/79) and 4% (3/69) respectively, and of these, the majority were mild to moderate. At 5 years, 33 patients had undergone permanent explants of both devices, 48 were lost to follow-up and 6 had died of unrelated causes. Conclusions: Five years data suggest that ACT is, a safe and effective, minimally invasive treatment for recurrent SUI, which is easy to place and adjust to optimize urinary control without impairing bladder emptying.
Introduction
Stress urinary incontinence (SUI) is a major urologic health issue that affects millions of patients each year. SUI is characterized by the loss of urine with exertion coughing, sneezing or lifting [1] SUI can result from hypermobility of the bladder neck and urethra associated with defects of pelvic support anatomy or from intrinsic sphincter deficiency (ISD). ISD is due to lack of coaption of the urethral wall and is diagnosed when a well-supported urethra leaks urine in response to a slight increase in intra-abdominal pressure in the absence of detrusor contraction.
Multiple surgical procedures including retro pubic suspension, and mid-urethral sling are effective in primary cases, but recurrent SUI secondary to ISD continues to be a clinical challenge, awaiting an ideal treatment option [2] Standard surgical treatments for ISD include slings, artificial urinary sphincter, use of periurethral bulking agents or urethral remodeling by radiofrequency (RF). Effective treatments for ISD increase urethral resistance [3] and correcting urethral hypermobility alone may not improve symptoms of stress urinary incontinence [4] . The introduction of adjustable periurethral devices presents an opportunity to balance increased urethral resistance and effective bladder emptying [5] . The implantable ACT device can be titrated with time as required and offers an alternative surgical option in women with recurrent stress urinary incontinence. We have evaluated the safety and efficacy of the ACT device and also assessed the difficulty of placement and device adjustability over a five years period.
Materials and Methods

The ACT Device
ACT consists of two silicone elastomer fluid filled balloons placed one on each side of the proximal urethra, and connected via a conduit to a titanium port buried superficially in the fatty tissue of the labia majora [6, 7] The balloons are placed using two specially designed reusable trocars (sharp and blunt tipped for tissue dissection) and a U-shaped cannula. The device is available in 2 lengths (8 and 9 cm) and the most suitable device length for each patient is determined by urethral measurement using the trocar and cannula. At any time post operatively (years later if need be) the volume in each balloon can be adjusted by percutaneous injection or aspiration of fluid through the port using a 23 gauge Huber non coring needle to achieve optimum continence with a recommended maximum volume of 8 cc.The possibility of percutaneous adjustment of the sizes of the balloons according to clinical need to achieve clinical efficacy appears to be an essential advantage of this technique [8] .
Study Design
This was an FDA investigational open label study. Upon receiving ethical approval we performed a prospective, non-randomized open study to access the potential of this adjustable device in women to treat SUI. ACT is a novel design, with no predicate and hence was unable to blind the patient. Selection criteria included adult female patients with symptomatic SUI with urethral hypermobility and/or ISD and who had failed previous treatment over at least 6 months. The exclusion criteria included a diagnosis of neurogenic bladder/detrusor dysfunction, prior pelvic radiation therapy, insulin dependent diabetes, and uncorrected moderate or severe pelvic organ prolapse.
Physical examination, included assessment of urethral mobility and urodynamics included measurement of baseline Valsalva leak point pressure (VLPP) and maximum urethral closure pressure (MUCP). Outcomes were evaluated using Stamey Score, provocative pad weight test, daily pad count, incontinence quality of life questionnaire (IQoL) and the visual analog scale measured at baseline, 6 weeks, 3 months, 6 months, 9 months, 12 months and annually. Patients also completed the IIQ/ PiSQ and IQoL scoring scheme at each post-operative visit.
The surgical procedure was done as previously described [6] . The ACT devices were placed bilaterally using small incisions in the labial folds at the level of the urethral meatus. A specially designed delivery trocar is passed under the fluoroscopic and digital vaginal guidance through each incision and positioned just distal to the bladder neck. After placement of each device the balloons are inflated with 1.5 ml of an isotonic contrast solution and fluoroscopy, cystoscopy and vaginal palpation were used to confirm proper positioning of the balloons. The first balloon adjustment is done 6 weeks post operatively and then adjusted every 4 weeks afterwards (maximum of 1 mL per balloon per adjustment) until adequate continence is achieved by subjective and objective criteria.
Statistical Analyses of Study Outcome
Statistical analyses were completed using the non-parametric Wilcoxon's matched pairs signed ranks test to compare baseline and follow-up values to determine efficacy outcomes, and p values of <0.05 were regarded as statistically significant. The data are presented in both "As followed" and "Intent to Treat" analyses. The "As followed" (AF) analyses included only those who complied with the protocol and interval follow-up, the "Intent to Treat" (ITT) included all participants whether active, non-active, withdrawn, died, explanted or lost to followup. If a subject failed to reach the 12-month end point they were considered as failures and the baseline value was used at the 12-month end point.
The Stamey score was required as the FDA primary efficacy clinical end point which represented a reduction of at least 1grade from the baseline at 12 months after implantation, additional measures included direct visual Safety was studied using all adverse events related to the device or procedure, and technical feasibility was assessed and recorded by the surgeons at the time of implantation and at interval volume adjustments.
All analyses were performed using the statistical software version of the Statistical Package for Social Sciences (SPSS).
Results
A total of 162 subjects (mean age 67.6 years, range 31 -94) were implanted. Of these 83% (134/162) had failed one or more prior surgeries, including slings, suspensions and bulking agents. The distribution of patients who failed prior procedures are 38%, 32%, 8% and 4% for 1, 2, 3 and 4 or more procedures respectively. There was 88% subject visit compliance at 12 months (142/162), 12% did not comply (4 missed follow-up, 7 were permanently explanted, 8 were lost to follow-up and there was 1 death).
The patient visit compliance from implantation to the 5 years follow-up period was 99%, 87.6%, 55.6%, 49.4%, 34.6%, 19.1% from implantation, 1, 2, 3, 4 and 5 years respectively ( Table 1) .
The data demonstrates that 67%, n = 162 (ITT) and 75.4%, n = 142 (AF) showed an improvement in Stamey score and the sensitivity analyses demonstrated consistency of observed treatment effects by statistical methods used. The improvement of Stamey score over the 5 years follow-up period is shown in Figure 1 . Primary efficacy durability (Figure 2) shows a mean reduction 1.32 at 12 months and 1.37 at 5 years. ean one hour provocative pad weight at pre-implant was 54 g for both IIT and AF analyses and at 12 months they were 22.7 g and 11.1 g, (p value respectively (Figure 3) ). At 12 months 64.2% (ITT) and 79.7% (AF) patients demonstrated pad weight reduction of >50% (Figure 4) . Quality of life showed a marked improvement from 36.8 at baseline to 74.3 at 5-year period ( Figure 5) . Cop yright © 2013 SciRes. There were no serious complications reported and no se ments dropped fr affects a large proportion of rious risks associated with the device. The mean number of balloon adjust om 2.1 at 12 months to 0.17 at 4 to 5 years, indicating that balloons were well placed and continence was achieved and did not need major adjustments (Figure 6 ).
Discussion
Stress urinary incontinence women and has a negative impact on quality of life. Surgical procedures such as mid urethral slings offer high success that have made them attractive choices for primary cases [9] , and the complication profile includes bladder, bowel and blood vessel injuries , post-operative voiding difficulties, de novo urgency and urge incontinence [10] . Patients who have had prior incontinence procedures have less favorable outcomes, Houwert [11] reports 82% of patients who have not had prior surgery were improved after mid-urethral sling while that percentage was only 56% for patients who have had prior e surgery. It appears that the proper adjust--incontinenc ment of sling tension can be difficult in recurrent cases of stress incontinence and a challenge even in the most experienced hands. The efficacy of sling procedures is correlated to severity of SUI. An article by Song et al. on a 7-year outcomes of TVT suggests that patients with high grade SUI (Stamey grade III) have a lower cure rate (50%), while patients with moderate (Stamey grade II) SUI have a cure rate of 82.8%, and patients with grade I have a cure rate of 90.7%. [12] Procedures using injectable periurethral bulking agents, or urethral sub mucosal collagen, denaturation by radiofrequency (RF) [6] are less invasive, but like the mid urethral sling offer no possibility of adjustment to balance bladder control with bladder emptying. Another exciting treatment option is the introduction of stem cells in an effort to regenerate the sphincter muscle and improve function [13] . Mittenberger et al. has suggested promising results for the treatment of SUI, but other groups have failed to duplicate their results [13] .
Many studies have been published on the clinical utility of the adjustable continence therapy device for treatm tions caused by surgical insertion of the A n provides continence, an ent of stress urinary incontinence in both Europe and North America.
A study by O'Connell H.E. et al. [14] on the extent of structural disrup CT device and possible impact of this device on female sexual anatomy concluded that there is no significant disruption and that it was anatomically safe with respect to perineal anatomical structures.
Magnetic Resonance Imaging (MRI) was used to understand how the ACT implantatio d as a tool for radiological assessment of continence recovery by Stecco et al. [15] . It was concluded that MRI provided an effective radiological method to predict the efficacy of ACT. Chartier-Kastler et al. [16] reported 87% improvement, and Kocjancic et al. [17, 18] reported 68% dry and 16% improved and Aboseif et al. showed that 76.4% of patients with either, moderate or severe stress incontinence showed at least one grade improvement of the Stamey score and the mean provocative pad weight decreased by more than 50% in 80.9% of the patients [19] Aboseif et al. reported that 47% of patients were dry at 1 year and 92% improved after 1-year follow-up [20] . The ACT device can be implanted in patients presenting with urinary incontinence due to sphincter deficiency with no urethral hypermobility (negative support maneuvers), in cases of failures with other therapies, or when placing an AUS is contraindicated or refused by the patient. [21, 22] . Vayleux et al. [23] observed in their study that ACT is an attractive alternative owing to its benefit-risk ratio in which the technique of using a flexible cystoscopy and bladder neck "retrovision" would improve the clinical result for safety and efficacy of ACT surgery by more precisely placing the balloons at the bladder neck. .
The scope of this study is to evaluate the safety, efficacy and technical feasibility the Adjustab nence erapy (ACT) device (Uromedica Inc. Plymouth MN, USA) over a five years follow-up period. There is less opportunity to introduce investigator bias in the "Intentto-Treat" methodology and this was used to provide a more conservative measure of efficacy than the "As followed" analyses which are also included. As follow-up is extended to beyond 5 years, there is survivor bias that is unavoidable, because data is available on that cohort of subjects who continue to be followed and not in all of the initial cohort implanted. It is unusual to observe improved continence over time as was observed in this study, and this reflects the adjustable nature of the ACT therapy which can be optimized by adding more isotonic fluid volume into the balloons, in small increments using simple injection via the titanium port sited subcutaneously in the labial fold.
We observed an improvement in Stamey score of >1 in 75.4% at 1 year and 83.3% PWT < 2 gms) was 51% at 1 year and improved to 76% at 5 years and >50% improved rate was 83% at 1 year and 93.1% at 5 years. IQoL scores showed an increase from 36.8 at baseline to 74.3 at 5 years, suggesting that the ACT device significantly improves quality of life for the patient and that it is sustained over time.
The salient feature of the device is the ease of adjustability [24] , adding volume by increments to adder control with voiding function to suit the needs of the individual patient in a simple procedure that is done in the clinic exam room. Optimal continence was achieved with a mean of 4 adjustments and mean balloon volume of 4.0 ml (1 -11.5 ml).
Device or procedure related complications (bladder perforation, port or balloon eros rt or balloon related discomfort, intermittent urinary retention) was reported in 25% at 12 months and only 4% in 5 years. No major complications are reported and in a multi-center multiple surgeon study with a novel surgical device and technique, some of the complications reported may be explained by initial learning curve of surgical experience. The complications that did occur were minor and resolvable, and when required easily removable in the clinic setting, indicating that ACT is safe to use in clinical practice.
Conclusion
Our five years fo safe, minimally in ment for mild, moderate or severe recurrent female SUI.
